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Abstract
Over the past decade, Power Quality (PQ) issues became increasingly important. The most cited PQ
problems are voltage dips, harmonic distortion and transient phenomena. The tarification method which
is mostly used, tarifies the instantaneous active power. When absorbing harmonic power, e.g. when using
an active filter, the customer has to pay for this. To overcome this, a tarification method is proposed.
The FUndamental Tarification (FUT) method which is proposed tarifies a power which is based on the
fundamental component of the grid voltage. An exaggerated effect can be implemented such that the
customer is remunerated for increasing the Power Quality by absorbing harmonic power.
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Introduction
Before the arrival of power electronics, power quality was mainly concerning the voltage level and the
power factor of the fundamental. The power electronic converters for variable speed drives, lamp con-
verters and power supplies achieve high efficiencies but are prone to inject harmonics into the grid. The
problem of harmonics is mainly caused by power electronics. However, power electronics can also be
the solution to this problem. One can mitigate the harmonics while using (inductive) input filters or input
converters but this mitigation has a price: the engineering, the cost of the filters or the cost of implement-
ing active front end filters. However, these circuits have their own losses: inductors as well as active
components. There is even a negative effect on reliability by an increased number of components.
A possible solution to improve the PQ is proposed in [1] where PQ markets are introduced as an incen-
tive to efficiently achieve the required levels of Power Quality. PQ market are based on environmental
economics where permits are issued e.g. for the emission of CO2. Different permits will be issued which
concern PQ problems such as harmonic emission, unbalanced loads and loads causing flicker. A stock
market will be created to trade the proposed permits. A disadvantage of the use of PQ-markets lies in the
difficulty of choosing a time horizon of the permit or stipulating a geographical/topological range and a
whole new market has to be set up.
Up to now the “solution” has been to set maximum levels of harmonic components or total harmonic
distortion or flicker level by standards [2,3]. This is a negative incentive method and no large scale effort
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has been made to absorb and damp harmonic voltages. Absorbing and damping harmonics is being a
consumer (= to absorb power) for the harmonic voltage. With the actual energy tarification one has no
benefit to do so. If you absorb harmonic power you pay for this absorbed power. To absorb harmonic
power you might need additional circuits or costs. If you inject harmonic power into the grid, this lowers
your bill. If one proposes a tarification method based on distance to the limits of the individual harmon-
ics, it will be quite involved and dependent on the actual standards in different parts of the world. To be
acceptable, the principle should be extremely simple.
In this paper a tarification method is proposed, complying the following conditions:
• If you absorb harmonic power, you are a “good” consumer and you should not pay for that power.
• If you inject harmonic power, you should not get a lower electricity bill.
• One can reward the fact of absorbing harmonic power by exaggerating the effect, to get an amount
of free power, to compensate for the investment effort of absorbing harmonic power.
• One can penalize the fact of injecting harmonic power by increasing the bill beyond the absorbed
fundamental power.
Single phase tarification
Fundamental Tarification
The main task of an electrical energy meter is the measurement of the integral of power. The definition
of the active power, P , for one period T is:
P =
1
T
∫
T
u(t) i(t)dt (1)
where u(t) is the instantaneous voltage, i(t) the instantaneous current and T the period of the grid
voltage.
The electrical energy meters which are nowadays used, are close to the definition by equation (1) [4, 5].
The use of this definition results in the customer also paying for the absorbed harmonic power [5] which
is defined by:
Pharm(t) =
1
T
∫
T
(u(t)− u1(t)) i(t)dt (2)
The proposed tarification method implies that the absorbed harmonic is not tarified. Devices which
absorb the harmonic power (like active filters [5–8]) help to damp the harmonics. So, it is preferable
to encourage the implementation of systems which improve the power quality, while using a tarification
method that is based on the active power of the fundamental component of the grid voltage instead of
the instantaneous voltage. The definition of the FUndamental Tarification (FUT) power which should be
tarified is:
PFUT(t) =
1
T
∫
T
u1(t) i(t)dt (3)
where u1(t) is the fundamental component of the grid voltage, i(t) the instanteneous grid current and T
the period of the grid frequency. The fundamental component of the grid voltage is easily obtained using
a Phase Locked Loop which obtains the phase angle of the grid voltage.
To encourage the use of systems which improve the power quality, the Fundamental Tarification could
be changed. The customer can be compensated for absorbing the harmonic power by remunerating
the difference between real and fundamental power. The Fundamental Tarification is changed to the
Exaggerated FUndamental Tarification (EFUT) which is given in following equation:
PEFUT (t) =
1
T
∫
T
u1(t) i(t)dt+K
1
T
∫
T
(u1(t)− u(t)) i(t)dt (4)
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where K is a factor which can be chosen by the distribution network operators. This factor determines
the advantage which can be given to customers to reward their efforts to improve the power quality. We
propose K = 1 such that one receives as much free power as one absorbs harmonic power from the
grid. More than this would encourage lossy circuits to achieve power quality which would result in an
energy saving problem.
The FUndamental Tarification and the Exaggerated FUndamental Tarification can be designed to react
in a correct way on transients. The amplitude of u1(t) can vary in time. The amplitude of u1(t) can be
calculated based on a moving average taken over a period of e.g. 64 grid cycles or, instead of using a
moving average, the amplitude can be obtained based on the relaxation method. The average based on
relaxation is calculated as:
average = averageold (1− 126 ) +
averagenew
26
(5)
When a voltage dip occurs caused by a high inrush current, the power calculated based on the FUT
method is higher than the instantaneous power because the FUT method uses the “older” higher funda-
mental voltage. Most of the voltage dips only take a couple of grid cycles such that the amplitude of
u1(t) will not be altered during the voltage dip. The FUT method results in the penalisation of peak
currents which can result in an encouragement of a delayed start-up thus ensuring an improved power
quality.
Grid aspects
The electrical grid is powered by generators with a nearly sinusoidal emf. At the supplier side, the in-
jected power in the grid is absorbed by cables, transformers, losses in the damper cage of synchronous
machines. At the consumer side it is absorbed by the internal cabling and instruments and equipment of
the ’neighbours’. It is not likely that harmonic power is converted back to fundamental power elsewhere,
except in some active filters [5–7]. So, the main part of harmonic power is not useful and is completely
dissipated in losses. Most of power electronic equipment is located at the low voltage distribution net-
work. In this network, the grid impedance is mainly resistive for the fundamental and has an important
resistive part for harmonics. If the supplier can realize a low impedant grid, the proposed tarification
equals the actual one. When the grid has a low impedance, the voltage variations caused by harmonic
currents will be negligible such that the fundamental component of grid voltage will be equal to the
instantaneous grid voltage such that u1(t) = u(t). If the network operator allows important harmonic
voltages and those harmonics are damped by a customer, this customer can get free energy this way. The
harmonic power can be absorbed by a single-phase DG-connected inverter which injects this harmonic
power as fundamental power [8, 9]. This can be an incentive to the supplier to do something about the
harmonic voltages.
Specific cases
The proposed tarification method is elaborated in the following specific cases. The fundamental tarifica-
tion method is examined in the case when the load is a resistor like load, a rectifier bridge, a sinusoidal
converter and a damping converter. These four cases comprise the most important loads present in a
single phase distribution network. The results are simulation results obtained using Matlab Simulink.
Resistor like loads
The power absorbed by the resistor is the summation of the fundamental power and the harmonic power.
Resistors are “good” consumers as they absorb harmonic power, but they are billed for that harmonic
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power.
Fig. 1 depicts the voltage and current waveforms in the case of a resistive load. In the example the
voltage contains a third harmonic voltage of 10 %. The proposed Fundamental Tarification method and
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Figure 1: Example with a third harmonic voltage of 10 % with a resistor as load. The
full line is the fundamental component of the grid voltage. The dashed-dotted line is the
voltage with the harmonics. The dashed line is the current absorbed by the resistive load.
the Exaggerated Fundamental Tarification method result in the following:
PFUT
P
= 0.990 (6)
PEFUT
P
= 0.980 (7)
The proposed Fundamental Tarification Method and the Exaggerated Fundamental Tarification method
result in the remuneration of the customer by 1 % and 2 % respectively.
Rectifier bridge
Rectifier bridges, thyristor as well diode types, generally inject a considerable amount of harmonic cur-
rents. These harmonic currents with a partly resistive grid impedance will cause losses somewhere. In
the actual tarification, one has no advantage to reduce those harmonic currents, as far as the losses in
your own grid are limited and as far as harmonic limits are not exceeded. It concerns drives, energy
saving lamps and power supplies. This type of current waveform is also penalized when using the pro-
posed FUT Method. An example is given in Fig. 2, which depicts the current and voltage waveforms
corresponding with a rectifier bridge as load. The proposed Fundamental Tarification method and the
Exaggerated Fundamental Tarification method result in the following:
PFUT
P
= 1.083 (8)
PEFUT
P
= 1.166 (9)
It can be seen that by using this Tarification Method a compensation for a third harmonic will be encour-
aged 8.3 % and 16.6 % respectively.
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Figure 2: Example with a rectifier bridge as load. The full line is the fundamental com-
ponent of the grid voltage. The dashed-dotted line is the voltage with the harmonics. The
dashed line is the current absorbed by the rectifier bridge.
Sinusoidal converter
In this case the current is sinusoidal, even if the voltage is not. The FUT will result in the same bill as
the conventional tarification.
Damping converter
Damping converters are converters having a resistive impedance for harmonics. A damping converter as
described in [6,8] damps the harmonic voltage components in the grid voltage. Fig. 3 depicts the current
and voltage waveforms in the case a damping converter is connected which injects power to the grid.
Use of this type of converters is remunerated in the FUT method. The FUT method results in a 1.9 %
increase in the remuneration for the power which is injected in the grid and in a 3.7 % increase when
using the EFUT method.
PFUT
P
= 1.019 (10)
PEFUT
P
= 1.037 (11)
It can be seen that by using this Tarification Method the implementation of damping converters will be
encouraged.
Implementation
Today, microcontrollers for power electronics can easily handle the sampling requirements at low power
consumption. The sampling has not to be fast: 1 kHz or lower is enough; the sampling frequency should
not be correlated with the harmonic content. A way to realize this is to use some randomized or pseudo
random sampling. It is sufficient that the harmonics are not correlated to the sampling frequency, a
pseudo random number generator could be used, however, a asynchronous sampling frequency could be
sufficient.
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Figure 3: Example with a third harmonic voltage of 10 % with a damping converter as
load which injects power in the grid. The full line is the fundamental component of the
grid voltage. The dashed-dotted line is the voltage with the harmonics. The dashed line is
the current injected in the grid by the damping converter.
Three-phase tarification
The Fundamental Tarification method can be extended to three-phase systems. In a three-phase system
the inverse component of the current is penalised. The inverse component can easily be found based on
the biggest difference in amplitude. The Fundamental Tarification method can be defined for three-phase
systems as:
PFUT,3ph(t) =
1
T
∫
T
u1,d,a(t) ia(t) + u1,d,b(t) ib(t) + u1,d,c(t) ic(t)dt (12)
where u1,d,x(t) is the direct component in phase with the fundamental component of the voltage of phase
x.
In this case one is encouraged to put the single phase loads at the phase with the highest voltage level
thus improving the voltage balance. If this feature is not desired one can always consider 3 phases as 3
single phase definitions.
Conclusion
Over the past decade, Power Quality issues have become increasingly important. The tarification method
which is mostly used, tarifies the instantaneous active power. When absorbing harmonic power, e.g. when
using a active filter, the customer has to pay for this. To overcome this, a new tarification method is pro-
posed that does encourage efforts to damp harmonics. It is simple to implement in actual microcontrollers
at low power consumption. The Fundamental Tarification method takes in account the power direction of
the harmonic power, a difference is made when harmonics are absorbed or generated. It allows to extend
the principle to flicker and to unbalance. It should give a incentive to improve power electronic circuits.
In case of a resistive load the FUT method results in a 1 % decrease and a 2 % decrease in case of the
EFUT method in the electricity bill. An increase of 8.3 % and 16.6 % of the electricity bill in case of a
rectifier bridge as load. A damping converter would result in a decrease of 1.9 % and 3.7 % respectively
of the electricity bill. The question is if this will be sufficient to encourage the installation of equipment
which improves the power quality.
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